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Schoenoplectus gemmifer was characterized as a new species in having the pistil 
with two stigmas, linear leaf blade and gemmate habit. However, individuals of the spe¬ 
cies growing in still water are sometimes confused with S. mucronatus var. mucronatus 
or S. triangulatus. In a morphological comparison by the principal component analysis, 
still water-form of S. gemmifer was separated roughly from the two species by three char¬ 
acters; the number of stigmas, shape of a transverse section of the nutlet and number of 
perianth segments per nutlet. The distinctions are provided in a key to the species. 

Key words: Cyperaceae, morphological comparison, principal component analysis, 
Schoenoplectus gemmifer. 


Schoenoplectus (Rchb.) Palla is one of the 
segregated genera from Scirpus L. s. 1., 
Cyperaceae (Palla 1888a, 1888b, Goetghebeur 
1998). Thirty-four species and three hybrids 
are known in the genus of the East Asia and 
North American regions (Hayasaka and 
Ohashi 2000a, Smith and Hayasaka 2001). 

Sato and Imae (1990) found an unknown 
plant of Schoenoplectus in Aso of Kyushu, 
and reported it as “Hatabe-Kangarei” as the 
Japanese name. This plant differed from S. 
mucronatus var. mucronatus and S. trian¬ 
gulatus in having two instead of three stig¬ 
mas, but resembled them in the tufted, 
triquetrous culms and triquetrous involucral 
bracts. The plant was intermediate between 
the two species in the morphological charac¬ 
ters, such as the width of culms, length and 
width of spikelets, length of anthers, wrin¬ 
kled surface of nutlets and relative length of 
perianth segment to nutlet. However, mor¬ 


phological analyses were not performed in 
detail. Sato et al. (2003) recognized this 
plant as a new species, S. gemmifer, based on 
the two stigmas, linear leaf blade and 
gemma. The latter two characters tend to de¬ 
velop on individuals growing in rills and 
streams but do not appear frequently in still 
water. Thus, individuals of S. gemmifer with¬ 
out linear leaf blades and gemma were con¬ 
fused with those of S. mucronatus var. 
mucronatus and S. triangulatus. 

In order to confirm that S. gemmifer dif¬ 
fers from the other species in morphological 
characteristics in addition to the linear leaf 
blade and gemma, we compared 21 charac¬ 
ters by means of principal component and 
other statistical analyses. 

Materials and Methods 

Three plants of the genus Schoenoplectus 
(Cyperaceae), S. gemmifer C.Sato, T.Maeda 



30 


mmmmm mm 






Table 1. Localities and numbers of material plants of Schoenoplectus gemmifer (GEM), S. mucronatus var. 
mucronatus (MUC) and S. triangulatus (TRI) for morphological analyses 


Species 

Locality 



No. of plants 


code 

Locality 

Wild 

Cultivated 

Total 


Zz 

Zizobaru, Kusu, Oita Pref. 

4 

2 

6 


Ng 

Nagare, Aso, Kumamoto Pref. 

14 

3 

17 

GEM 

Sm 

Senomoto, Aso, Kumamoto Pref. 

19 

2 

21 


Hb 

Hatabe, Aso, Kumamoto Pref. 

4 

3 

7 


total 


41 

10 

51 


Hm 

Hitotsume, Yamaga, Kumamoto Pref. 

16 

3 

19 

MUC 

Sd 

Mt. Syodai-san, Tamana, Kumamoto Pref. 

12 

2 

14 

St 

Mt. Shira-take, Amakusa, Kumamoto Pref. 

8 

2 

10 


total 


36 

7 

43 


Kk 

Kamikobata, Makabe, Ibaragi Pref. 

1 


1 


Sa 

Shimoaruji, Fukuyama, Hiroshima Pref. 

2 

1 

3 


Tk 

Takumi, Kusu, Oita Pref. 

7 


7 

TRI 

Td 

Mt. Tatsuda-yama, Kumamoto, Kumamoto Pref. 

5 

4 

9 


Mb 

Matsuba, Kuma, Kumamoto Pref. 

9 

4 

13 


It 

Ishitobi, Minamata, Kumamoto Pref. 

9 

4 

13 


total 


33 

13 

46 

Grand Total 


110 

30 

140 


& Uchino, S. mucronatus (L.) Palla var. 
mucronatus and S. triangulatus (Roxb.) 
Sojak, were used for the morphological 
measurements. S. mucronatus has three va¬ 
rieties with triquetrous culms (Kohno et al. 
2001). The typical variety, var. mucronatus, 
is different from var. tataranus and var. 
ishizawae in having unwinged culms. Plants 
were collected from the western part of 
Japan (Table 1 and Fig. 1). Some of their in¬ 
dividuals were cultivated for more than one 
year in the experimental garden at the 
Faculty of Science, Kumamoto University. 
Each individual was cultivated in a pot in 
still water, the depth of which was the same 
as the height (ca. 15 cm) of the pot. For 
morphological measurements, culms with 
matured spikelets were collected from indi¬ 
viduals. 

Nineteen characters measured are as fol¬ 
lows (Fig. 2); length of culm (LCU), width 
of culm (WCU), length of involucral bract 


(LIB), number of spikelets per culm (NSP), 
length of spikelet (LSP), width of spikelet 
(WSP), number of glumes per spikelet 
(NGL), length of glume (LGL), width of 
glume (WGL), length of pistil (LPI), number 
of stigmas (NST), length of anther (LAN), 
number of nutlets per spikelet (NNU), length 
of nutlet (LNU), width of nutlet (WNU), 
height of outside (HON) and axis side 
(HAN) in biconvex nutlet, number of 
perianth segments per nutlet (NPS), length of 
perianth segment (LPS). In addition, two sta¬ 
tistical characters, the ratis of HAN to HON 
(AN/ON) and the relative length of perianth 
segment to nutlet (PS/NU), were calculated 
in nutlets for which we could measure all 
values of HON, HAN, LNU and LPS. 

The principal component analysis was 
made on the modes of the characters NST 
and NPS and the mean values of the other 19 
characters. The package program published 
by Kyoritsu Shuppan Co. Ltd. (1984) was 
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Fig. 1. Localities of material plants of Schoenoplectus gemmifer (#), S. mucronatus var. mucronatus (I) and 
S. triangulatus (A) in Kyushu, Japan. The alphabetical codes correspond to the locality codes in Table 1. 

used for the analysis. discretely variable and their ranges were nar¬ 

row. 

Results In wild collected specimens, the numerical 

The numerical data of the 19 characters, ranges of the 19 characters of S. gemmifer 

except for NST and NPS, are shown in Table overlapped with those of both the other spe- 

2 for S. gemmifer, S. mucronatus and S. cies (Table 2). The three characters of LIB, 

triangulatus. The comparisons of the charac- NSP and LSP were not significantly different 

ters NST and NPS were carried out with ref- (p > 0.05) between S. gemmifer and S. 

erence to the modes because they were mucronatus, but S. triangulatus was larger 
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Fig. 2. Parts of Schoenoplectus plants measured, except for the countable characters such as the number of 
spikelets per culm, a: whole plant, b: spikelet. c: flower with a glume, d: glume, e and f: pistil with three 
(e) and two (f) stigmas, g-i: nutlet with seven perianth segments at the view from the out side (g), axis side 
(h) and transverse section (i). LCU: length of culm. WCU: width of culm. LIB: length of involucral bract. 
LSP: length of spikelet. WSP: width of spikelet. LAN: length of anther. LGL: length of glume. WGL: width 
of glume. LPI: length of pistil. LNU: length of nutlet. WNU: width of nutlet. LPS: length of perianth seg¬ 
ment. HON: height of outside in biconvex nutlet. HAN: height of axis side in biconvex nutlet. 
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Table 2. Numerical data for 19 morphological characters of Schoenoplectus gemmifer (GEM, n = 51), S. 
mucronatus var. mucronatus (MUC, n = 43) and S. triangulatus (TRI, n = 46) 


Character 



Wild condition 



Cultivated condition 


Species 

N 

Mean 

S.D. 

Range 

N 

Mean 

S.D. 

Range 


GEM 

123 

3.99 

0.94 

1.8-7.0 -i 

30 

4.53 


2.4-7.0 

LIB (cm) 

MUC 

101 

4.36 

2.27 

1.0-9.7 -1 

20 

6.85 

1.26 

4.2-8.3 


TRI 

97 

7.54 

1.93 

3.3-11.5 

37 

8.09 

1.73 

5.0-11.8 


GEM 

123 

6.41 

1.51 

3-11 

30 

4.83 

1.26 

3-8 -i 

NSP 

MUC 

102 

5.89 

2.67 

1-13 -1 

20 

6.25 

1.45 

4-9 J 


TRI 

98 

12.47 

3.43 

6-22 

37 

11.27 

2.88 

8-17 


GEM 

366 


1.74 

5.2-15.1-j 

90 

11.51 

1.87 

8.4-15.9-1 

LSP (mm) 

MUC 

265 


1.39 

6.7-15.2-1 

60 


1.28 

7.8-13.5-1 


TRI 

294 

18.22 

5.86 

8.1-33.9 

111 

18.35 

3.37 

12.2-25.5 


GEM 

366 

5.08 

■mm 

3.6-7.1 -i 

90 

5.17 


3.9-7.4 

WSP (mm) 

MUC 

265 

4.74 


3.1-7.8 

60 

4.68 


3.8-5.6 -| 


TRI 

294 

4.97 


3.1-8.7 -« 

111 

4.72 


3.6-6.5 J 


GEM 

1845 

2.08 

0.15 

1.7-2.6 

450 

1.92 

0.16 

1.6-2.3 

LNU (mm) 

MUC 


2.02 

0.12 

1.7-2.5 -i 

299 

2.03 

0.17 

1.7-2.4 


TRI 

1465 

2.02 

0.15 

1.6-2.5 -1 

555 

1.96 

0.13 

1.6-2.3 


GEM 

1826 

0.38 

0.07 


450 

0.37 

0.07 

0.2-0.5 

HAN (mm) 

MUC 

1303 

0.26 

0.06 


299 


0.06 

0.1-0.4 


TRI 

1440 

0.24 

0.07 


555 


0.06 

0.1-0.4 


GEM 

1845 

1.71 

0.11 

1.2-2.1 

450 

WBM 


1.3-2.0 

WNU (mm) 

MUC 

1304 

1.78 

0.13 


299 



1.4-2.2 


TRI 

1465 

1.64 



555 

1.48 

0.10 

1.3-1.8 


GEM 

1683 

1.39 

0.20 

0.8-1.9 

450 

1.46 

0.10 

1.2-1.7 

LAN (mm) 

MUC 

1145 

1.27 

0.11 

0.9-1.7 

300 

1.21 

0.11 

1.0-1.5 


TRI 

1406 

2.45 

0.31 

1.7-3.8 

533 

2.39 

0.26 

1.7-3.1 


GEM 

1559 

3.34 

0.59 

1.6-6.1 

450 

2.87 

0.38 

1.4-5.0 

LPI (mm) 

MUC 

808 

2.86 

0.33 

1.5-3.9 

300 

2.47 

0.37 

1.4-3.6 


TRI 

890 

4.77 

0.79 

2.4-8.0 

555 

4.65 

0.68 

2.3-6.2 


GEM 



0.29 

3.0-5.6 

450 



3.2-4.7 

LGL (mm) 

MUC 

11 


0.24 

2.2-3.8 

300 

3.15 


2.7-3.7 


TRI 

msm 

4.89 

0.42 

3.5-6.0 

555 





GEM 

1842 

2.44 

0.17 

1.8-3.0 

450 

2.30 

0.14 

1.8-2.8 

LPS (mm) 

MUC 

1304 

1.97 

0.14 

1.5-2.8 

299 

1.96 

0.20 

1.5-2.5 


TRI 

1453 

2.86 

0.34 

1.5-3.9 

555 

2.83 

0.33 

2.1-3.6 


GEM 

1842 

1.18 

0.09 

0.78-1.61 


1.12 

0.11 

0.91-1.56 

PS/NU 

MUC 


0.98 

0.06 

0.75-1.40 

299 


0.05 

0.83-1.10 


TRI 

1453 

1.42 

0.17 

0.88-1.94 

555 

1.45 

0.18 

0.96-1.88 


GEM 

123 

5.84 

1.28 

3.2-9.7 

30 

3.96 

0.56 

2.6-5.0 

WCU (mm) 

MUC 

101 

3.44 

0.64 

2.1—4.9 

20 

3.37 

0.34 

2.6-3.9 


TRI 

98 

7.69 

1.81 

4.2-11.7 

37 

6.07 

1.07 

3.9-8.3 


GEM 

1845 

2.46 

0.27 

1.5-3.6 

450 

2.53 

0.24 

1.9-3.2 

WGL (mm) 

MUC 

1309 

2.75 

0.21 

1.9-3.3 

300 

2.79 

0.16 

2.3-3.2 


TRI 

1459 

2.66 

0.31 

1.6-3.7 

555 

2.58 

0.27 

1.8-3.3 


GEM 

123 

64.45 

12.69 

38.5-101.1 

30 

49.52 

4.47 

40.3-57.0 

LCU (cm) 

MUC 

101 

85.34 

26.92 

42.0-145.5 

20 

66.68 

8.86 

53.0-89.3 


TRI 

98 

112.14 

22.03 

71.4-171.8 

37 

93.97 

15.49 

64.7-121.3 


GEM 

364 

28.40 

6.69 

10-46 

90 

40.30 

8.84 

26-59 

NGL 

MUC 

265 

33.33 

7.74 

12-50 

60 

31.82 

6.22 

20-46 


TRI 

293 

62.09 

25.25 

19-122 

111 

64.86 

16.92 

35-103 


GEM 

364 

19.89 

6.65 

5-38 

90 

20.93 

7.08 

8-42 -i 

NNU 

MUC 

265 

25.41 

8.08 

0-42 

60 

18.98 

6.99 

4-35 -• 


TRI 

293 

40.88 

24.51 

4-97 

111 

38.59 

14.82 

12-79 


GEM 

1826 

0.53 

0.08 

0.3-0.8 

450 




HON (mm) 

MUC 

1303 

0.71 

0.10 

0.4—1.0 

299 

0.75 

0.09 

0.5-1.0 


TRI 

1440 

0.59 

0.10 

0.3-0.9 

555 

0.59 

0.08 

04-0.8 


GEM 

1826 


0.19 

0.25-1.50 

450 

0.75 

0.18 

0.33-1.33 

AN/ON 

MUC 

1303 


0.11 

0.10-0.80 

299 

0.34 

0.11 

0.10-0.67 


TRI 

1440 


0.16 

0.11-1.25 

555 

0.37 

0.13 

0.14-1.00 


LIB: length of involucral bract. NSP: number of spikelets per culm. LSP: length of spikelet. WSP: width of spikelet. LNU: length of nutlet. HAN: 
height of axis side in biconvex nutlet. WNU: width of nutlet. LAN: length of anther. LPI: length of pistil. LGL: length of glume. LPS: length of 
perianth segment. PS/NU: relative length of perianth segment to nutlet. WCU: width of culm. WGL: width of glume. LCU: length of culm. NGL: 
number of glumes per spikelet. NNU: number of nutlets per spikelet. HON: height of outside in biconvex nutlet. AN/ON: rate of HAN to HON. 
There are no significant differences (P > 0.05) between species sharing the bracket. 































than the others in the values of these charac¬ 
ters. The character WSP was not significant 
between S. gemmifer and S. triangulatus. 
There was no significant difference in the 
character LNU between S. mucronatus and 
S. triangulatus, but the mean value of S. 
gemmifer was larger than those of the other 
two species. There were significant differ¬ 
ences in the other 14 characters among the 
three species in spite of the overlap of the 
numerical ranges. Schoenoplectus mucrona¬ 
tus tended to be smaller than S. triangulatus 
in the mean values in almost all cases. In the 
value of the character HAN, however, S. 
gemmifer was larger than the other two spe¬ 
cies, and S. mucronatus was larger than S. 
triangulatus. In seven characters, WNU, 
LAN, LPI, LGL, LPS, PS/NU and WCU, S. 
gemmifer was intermediate in mean value 
between the other two species. S. gemmifer 
was smaller in five characters, WGL, LCU, 
NGL, NNU and HON, than the other two 
species. In addition, S. mucronatus was 
larger than S. triangulatus in the character 
WGL. S. gemmifer had a larger mean value 
of AN/ON than those of the other two spe¬ 
cies due to the larger HAN and smaller 
HON. 

In the cultivated specimens, there were no 
significant differences between S. gemmifer 
and S. mucronatus in three characters, NSP, 
LSP and NNU (Table 2). In the character 
WSP there was no significant difference be¬ 
tween S. mucronatus and S. triangulatus. 
There were significant differences in the 
other 15 characters among the three species 
in spite of the overlap of the numerical 
ranges. S. gemmifer was larger in the mean 
value of character HAN than the other two 
species. This was the same result as in the 
wild condition. In eight characters, WNU, 
LAN, LPI, LGL, LPS, PS/NU, WCU and 
NGL, S. gemmifer was intermediate in mean 
value between S. mucronatus and S. 
triangulatus. The character NGL was differ¬ 
ent from the case in the wild condition. In 


five characters, LIB, LNU, WGL, LCU and 
HON, S. gemmifer was smaller than the 
other two species. The two characters LIB 
and LNU were different from the case of the 
wild condition. S. gemmifer was larger in the 
mean value of AN/ON than the other two 
species and this was the same as in the wild 
condition. 

The statistical character AN/ON affects 
the shape of a transverse section of the 
nutlet. Schoenoplectus gemmifer indicated 
higher values of AN/ON than S. mucronatus 
and S. triangulatus (Table 2). Thus, the for¬ 
mer tended to have biconvex nutlets and the 
latter two tended to have compressed 
trigonous ones (Fig. 3, a-c). The statistical 
value of PS/NU of S. gemmifer was interme¬ 
diate between those of the other two species 
(Table 2 and Fig. 3, d-f). In addition, S. 
gemmifer was also intermediate between the 
other two species in the degree of wrinkling 
on the surface of the nutlets, a qualitative 
character (Fig. 3, g-h). The nutlets of S. 
mucronatus had transversely wrinkled sur¬ 
faces, but those of S. triangulatus had incon¬ 
spicuously wrinkled ones. 

The number of stigmas (NST) varied from 
one to four among pistils. Pistils were able to 
be classified into eight types by the number 
and length of the stigmas, that is, one type 
(M) in pistils with one-stigma, two types 
(Di and D 2 ) in two-stigmas, four types (Ti to 
T 4 ) in three-stigmas and one type (Te) in 
four-stigmas (Fig. 4). The inflorescence of 
Schoenoplectus is composed of several 
spikelets having many flowers which dif¬ 
fered in the NST and pistil type from flower 
to flower. Nevertheless, the primary mode of 
S. gemmifer was type Di (84.8 %) having 
two stigmas of similar length despite the oc¬ 
currence of seven stigmatic types. Only the 
four-stigma type, Te, (Table 3) was absent. 
In the cultivated condition, only three pistil 
types of S. gemmifer were observed and type 
Di (92.7 %) was also most prevalent. In con¬ 
trast, S. mucronatus and S. triangulatus were 
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Fig. 3. Nutlets and perianth segments of Schoenoplectus gemmifer (GEM) and S. mucronatus var. mucronatus 
(MUC) and S. triangulatus (TRI). Shape of the transverse section of the nutlet (a-c), comparison of the 
perianth segments of the nutlet (d-f) and wrinkles of the nutlet surface (g-i). Bars indicate 0.5 mm. 


predominatly type Ti (98.3 % and 85.4 %, 
respectively) in which the three stigmas were 
of similar length. Types M and D 2 were not 
found and type D, was found exceptionally 
in a few flowers of S. triangulatus from the 
Td population. This was true under both wild 
(0.8 %) and cultivated (1.1 %) conditions. 
Thus, S. gemmifer tended to have type Di 
pistils with two-stigmas but the other two 
species had type Ti with three-stigmas. 

The results of measurement of NPS are 
shown in Table 4. The nutlets of S. gemmifer 
had six (46.9 %) or seven (45.5 %) perianth 
segments with high frequency in the wild 
condition. The modes of the populations Ng 


and Hb were six but those of the populations 
Zz and Sm tended towards seven. However, 
in the cultivated condition, the modes of all 
four populations were seven perianth seg¬ 
ments (76.0 %). The modes of S. mucronatus 
were six perianth segments (95.6 % in the 
wild condition and 98.3 % in the cultivated 
condition) and the frequencies of seven and 
five perianth segments were small. In S. 
triangulatus, the mode was six perianth seg¬ 
ments although the Sa population had a 
mode of five. Thus, the modes were six or 
seven perianth segments in S. gemmifer, six 
in S. mucronatus and six with a low fre¬ 
quency of five in S. triangulatus. Seven 
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Table 3. Number of pistils with different numbers of stigmas (NST) and pistil types of Schoenoplectus gemmifer 
(GEM), S. mucronatus var. mucronatus (MUC) and S. triangulatus (TRI) in the wild and cultivated conditions 


Species 

Locality 

NST 

1 

2 



3 



4 


Pistil type 

M 

D, 

d 2 

T, 

t 2 

T, 

t 4 

Te 

■ Total 


Wild 












Zz 



67 

1 

26 

11 

16 

4 


125 


Ng 


1 

318 

43 

48 

9 

21 

9 


449 


Sm 



812 

11 

3 

3 

4 

2 


835 


Hb 


1 

134 


11 

3 

10 

1 


160 


Total 


2 

1331 

55 

88 

26 

51 

16 


1569 

GEM 

(%) 


(0.1) 

(84.8) 

(3.5) 

(5.6) 

(1.7) 

(3.3) 

(1.0) 


(100.0) 

Cultivated 












Zz 



78 


5 


7 



90 


Ng 



117 


17 


1 



135 


Sm 



89 


1 





90 


Hb 



133 


1 


1 



135 


Total 



417 


24 


9 



450 


(%) 



(92.7) 


(5.3) 


(2.0) 



(100.0) 


Wild 












Hm 





501 

5 

1 


3 

507 


Sd 





177 

1 




178 


St 





116 

2 

1 


1 

119 


Total 





794 

8 

2 


4 

808 

MUC 

(%) 





(98.3) 

(1.0) 

(0.2) 


(0.5) 

(100.0) 

Cultivated 












Hm 





135 





135 


Sd 





74 




1 

74 


St 





90 





90 


Total 





299 




1 

300 


(%) 





(99.7) 




(0.3) 

(100.0) 


Wild 












Kk 





15 





15 


Sa 





67 




1 

67 


Tk 





286 

16 

9 

4 


315 


Td 



7 


130 

67 

14 

1 

1 

219 


Mb 





129 

3 

3 



135 


It 





131 

3 

1 



135 


Total 



7 


758 

89 

27 

5 

2 

888 

TRI 

(%) 



(0.8) 


(85.4) 

(10.0) 

(3.0) 

(0.6) 

(0.2) 

(100.0) 


Cultivated 












Tk 





45 





45 


Td 



3 


147 





150 


Mb 





179 


1 



180 


It 



3 


177 





180 


Total 



6 


548 


1 



555 


(%) 



(1.1) 


(98.7) 


(0.2) 



(100.0) 


The locality codes correspond to those in Table 1 and the pistil types correspond to those in Fig. 4. 
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Fig. 4. Schematic diagrams of the pistil types of Schoenoplectus. Each type was 
based on the number and length of the stigmas. Te: 4 stigmas. Ti, T 2 , T 3 , T 4 : 3 
stigmas. Di, D 2 : 2 stigmas. M: 1 stigma. 


perianth segments were exceptional in S. 
gemmifer. 

Principal component analysis was carried 
out on the morphological data. The cumula¬ 
tive variance of the first three principal com¬ 
ponents (PCI to PC3) and the loadings of 21 
characters are shown in Table 5. These com¬ 
ponents contained 75.0 % of the total vari¬ 
ance. The first principal component (PCI) 
accounted for 41.9 % of the total variation. 
This component was regarded as a size fac¬ 
tor because the first component loading 
showed high positive loadings on characters 
expressing plant size, such as the characters 
LAN, LSP, NSP, NGL, LGL, LPS, PS/NU, 


LPI, WCU, NNU, LIB and LCU. The char¬ 
acter loading most heavily was the LAN. A 
higher score in this component tended to in¬ 
dicate a large plant body. The second princi¬ 
pal component (PC2) accounted for 22.7 % 
of the total variance and the second compo¬ 
nent loadings had high loadings on the five 
characters AN/ON, HON, NST, HAN and 
NPS. This component was regarded as an 
nutlet factor because four of the five charac¬ 
ters having high loadings were concerned 
with the shape of the nutlets, such as the 
characters AN/ON, HON, HAN and NPS. 
The remaining character, NST, had high 
negative loading. Higher scores in the com- 
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Table 4. Number of nutlets with different numbers of perianth segments (NPS) of Schoenoplectus gemmifer 
(GEM), S. mucronatus var. mucronatus (MUC) and S. triangulatus (TRI) in the wild and cultivated conditions 


Species 



Number of perianth segments (NPS) 



Locality 

4 

5 

6 

7 

8 

Total 


Wild 








Zz 


4 

49 

127 


180 


Ng 

1 

59 

499 

69 

2 

630 


Sm 


24 

228 

603 


855 


Hb 

8 

43 

89 

40 


180 


Total 

9 

130 

865 

839 

2 

1845 

GEM 

(%) 

(0.5) 

(7.0) 

(46.9) 

(45.5) 

(0.1) 

(100.0) 

Cultivated 








Zz 



23 

67 


90 


Ng 


1 

48 

86 


135 


Sm 



6 

84 


90 


Hb 

1 

1 

28 

105 


135 


Total 

1 

2 

105 

342 


450 


(%) 

(0.2) 

(0-4) 

(23.3) 

(76.0) 


(100.0) 


Wild 








Hm 


7 

632 

29 

1 

669 


Sd 


1 

331 

8 


340 


St 


1 

283 

11 


295 


Total 


9 

1246 

48 

1 

1304 

MUC 

(%) 


(0.7) 

(95.6) 

(3.7) 

(0.1) 

(100.0) 

Cultivated 








Hm 


2 

131 

2 


135 


Sd 



89 

1 


90 


St 



74 



74 


Total 


2 

294 

3 


299 


(%) 


(0.7) 

(98.3) 

(1.0) 


(100.0) 


Wild 








Kk 


1 

29 



30 


Sa 


65 

22 



87 


Tk 


128 

187 



315 


Td 

1 

53 

170 

1 


225 


Mb 


52 

345 

7 


404 


It 

3 

132 

262 

7 


404 


Total 

4 

431 

1015 

15 


1465 

TRI 

(%) 

(0.3) 

(29.4) 

(69.3) 

(1.0) 


(100.0) 


Cultivated 








Tk 


6 

39 



45 


Td 


27 

123 



150 


Mb 


23 

157 



180 


It 


19 

159 

2 


180 


Total 


75 

478 

2 


555 


(%) 


(13.5) 

(86.1) 

(0.4) 


(100.0) 


The alphabetical codes correspond to the locality codes in Table 1. 
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Fig. 5. Principal component analysis of Schoenoplectus gemmifer (circles), S. mucronatus var. 
mucronatus (squares) and S. triangulatus (triangles). Figures indicate two-dimensional plots of 
PCI against PC2 (upper) and PC2 against PC3 (lower). The open and closed symbols indicate 
plants in the wild and cultivated condition, respectively. 
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ponent expressed a more biconvex nutlet and 
two stigmas and more perianth segments. 
The third principal component (PC3) ac¬ 
counted for 10.4 % of the total variation and 
was concerned with the width of the spikelet 
because the third component loading showed 
high loading on the character WSP. The 
plants with higher scores in the component 
tended to have wide spikelets. 

The two-dimensional plots of PCI against 
PC2 and PC2 against PC3 are shown in Fig. 
5. In the two-dimensional plots of PCI 
against PC2, the three species were clearly 
divided from each other. On PCI, S. 
gemmifer overlapped with S. mucronatus , al¬ 
though S. triangulatus was separated by a 
higher score from the other species. The 
three species were separated roughly from 
each other on PC2, although S. mucronatus 
and S. triangulatus overlapped slightly with 
each other in the wild condition. They were 
separated clearly into three groups in the cul¬ 
tivated condition. In the two-dimensional 
plots of PC2 against PC3, the three species 
were divided roughly from each other. On 
PC3, however, the three species overlapped 
heavily with each other and the scores of S. 
triangulatus varied widely. 

Discussion 

Schoenoplectus gemmifer was signifi¬ 
cantly different from S. mucronatus var. 
mucronatus and S. triangulatus in 15 charac¬ 
ters, although the numerical ranges of 19 
morphological characters, except for NST 
and NPS, overlapped among the three spe¬ 
cies. It might be considered that the four 
characters, such as LAN, LGL, AN/ON and 
PS/NU are available for the distinction of S. 
gemmifer from S. mucronatus and S. 
triangulatus. In addition to these, the surface 
appearance of the nutlets might also be use¬ 
ful. 

The variation between S. gemmifer and the 
other species was discontinuity in the charac¬ 
ter NST. This is one of the most important 


Ml 9 % Ml -%■ 

characters in the distinction of S. gemmifer 
from the other species (Sato and Imae 1990, 
Sato et al. 2003). A similar case was reported 
for a relationship between S. juncoides and 
S. hotarui (Smith and Hayasaka 2002). The 
character NPS was variable among popula¬ 
tions and growing conditions. The modes of 
two localities of S. gemmifer were six and 
the same as those of S. mucronatus in the 
natural condition. The modes were seven in 
the other localities in the wild condition and 
in all the cultivated conditions (Table 4). The 
number of perianth segments in plants of 
Scirpus L. s. 1. is considered to be basically 
six (Koyama 1958). Species with more than 
seven perianth segments have rarely been re¬ 
ported in the genus Schoenoplectus (Koyama 
et al. 2000, Simpson and Koyama 1998, 
Strong 1994). Thus, the increase in the num¬ 
ber of perianth segments might be a charac¬ 
teristic phenomenon in S. gemmifer. Nutlets 
with seven perianth segments were observed 
exceptionally in both S. mucronatus and S. 
triangulatus. In consequence, nutlets with 
seven or more perianth segments might be 
useful for the distinction of S. gemmifer. 

In the principal component analysis, dis¬ 
tinctive characters such as LAN, LGL, 
PS/NU, AN/ON, NST and NPS in S. 
gemmifer loaded heavily on the first two 
principal components: the former three char¬ 
acters being high loading on PCI as a size 
factor and the others on PC2 as an nutlet fac¬ 
tor (Table 5). In the two-dimensional plots of 
PC2 against PCI, the three groups of plants 
were divided from each other (Fig. 5). On 
PCI, S. gemmifer was separated from S. 
triangulatus but not from S. mucronatus, 
while S. gemmifer was separated clearly 
from S. mucronatus and roughly from S. 
triangulatus on PC2. Thus, S. gemmifer was 
different from S. triangulatus in the plant 
size and from both the species in the charac¬ 
ters of the nutlets. It is therefore considered 
that the LAN, LGL and PS/NU loading 
heavily on PCI are available for the distinc- 
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Table 5. Results of the principal component analysis. 
Component loadings of 21 characters on the first 
three principal components (PCI to PC3) and cu- 
mulative variances of the first three principal 
components 


Character 

Component loading 

PCI 

PC2 

PC3 

LAN 

0.949 

0.020 

- 0.111 

LSP 

0.896 

0.040 

0.354 

NSP 

0.860 

-0.055 

-0.014 

NGL 

0.860 

-0.037 

0.391 

LGL 

0.812 

0.430 

-0.271 

LPS 

0.802 

0.401 

-0.218 

PS/NU 

0.799 

0.389 

-0.240 

LPI 

0.798 

0.099 

-0.480 

WCU 

0.758 

0.401 

0.128 

NNU 

0.743 

-0.067 

0.545 

LIB 

0.736 

-0.185 

-0.035 

LCU 

0.638 

-0.349 

0.064 

AN/ON 

-0.309 

0.919 

0.097 

HON 

-0.193 

-0.891 

-0.034 

NST 

0.433 

-0.854 

-0.008 

HAN 

-0.474 

0.801 

0.128 

NPS 

-0.344 

0.664 

0.276 

WSP 

0.184 

0.430 

0.738 

WGL 

0.139 

-0.459 

0.665 

WNU 

-0.490 

-0.297 

0.260 

LNU 

-0.102 

0.036 

0.035 

Cumulative variance (%) 41.9 

64.6 

75.0 


LAN: length of anther. LSP: length of spikelet. NSP: 
number of spikelets per culm. NGL: number of glumes 
per spikelet. LGL: length of glume. LPS: length of 
perianth segment. PS/NU: relative length of perianth 
segment to nutlet. LPI: length of pistil. WCU: width of 
culm. NNU: number of nutlets per spikelet. LIB: 
length of involucral bract. LCU: length of culm. 
AN/ON: rate of HAN to HON. HON: height of outside 
in biconvex nutlet. NST: number of stigmas. HAN: 
height of axis side in biconvex nutlet. NPS: number of 
perianth segments per nutlet. WSP: width of spikelet. 
WGL: width of glume. WNU: width of nutlet. LNU: 
length of nutlet. 


tion of S. gemmifer from S . triangulatus. On 
the other hand, the three characters, AN/ON, 
NST and NPS, loading heavily on PC2 might 
contribute to the distinction of S. gemmifer 
from the other species. 


Key to Schoenoplectus gemmifer 
and its related species 

1. Gemma and linear leaf blade present; 

growing in rill or stream. 

. S. gemmifer (stream-form) 

1. Gemma and linear leaf blade absent; 

growing in still water.2 

2. Biconvex nutlet; stigmas 2; perianth 6-7 
segments....S', gemmifer (still water-form) 

2. Compressed trigonous nutlet; stigmas 3; 

perianth segments 6.3 

3. Anthers 0.9-1.7 mm long; glumes of 
spikelets 2.2-3.8 mm long; relative 
length of perianth segments to nutlets 

0.75-1.40. 

.S. mucronatus var. mucronatus 

3. Anthers 1.7-3.8 mm long; glume of 
spikelets 3.5-6.0 mm long; relative 
length of of perianth segments to nutlets 
0.88-1.94.S. triangulatus 

In addition to the above-mentioned mor¬ 
phological characters, S. gemmifer has 
unique characters, such as linear leaf blade 
and gemma (Sato et al. 2003). In the genus 
Schoenoplectus, Koyama (1958) proposed 
the evolutionary trend that the leaf blade is 
degenerate and the leaf shape is a cylindrical 
sheath at the base of the culm. Thus, a linear 
leaf blade might be an ancient morphological 
character. The vegetative proliferation of 
Schoenoplectus plants was reported as an un¬ 
usual phenomenon (Hayasaka and Ohashi 
2000b, Hayasaka 2001). In S. gemmifer, 
however, this characteristic is easily con¬ 
firmed in individuals growing in rills or 
streams. Thus, it might be considered that S. 
gemmifer is different phylogenetically from 
S. mucronatus and S. triangulatus. 

We wish to express our thanks to Prof. Dr. 
Takuji Hoshino, The Okayama University of 
Science, Mr. Takashi Yasujima and Mr. 
Tatsuya Noguchi, members of The Japanese 
Society of Cyperology, for the offering of 
material plants. The present study was sup- 










42 






ported in part by a Grant-in-Aid for 
Scientific Research Program (c) No. 
11640699 from the Japanese Ministry of 
Education, Sports, Culture, Science and 
Technology. 

References 

Goetghebeur P. 1998. Cyperaceae. In: Kubitzki K. 
(ed.), The Families and Genera of Vascular Plants 
4 : 141-190. 

Hayasaka E. 2001. Prolification in Schoenoplectus 
mucronatus (L.) Palla subsp. robustus (Miq.) 
T.Koyama (Cyperaceae). Cyperaceae Newsl. of 
Jap. 9 : 3-4 (in Japanese). 

-and Ohashi H. 2000a. New combinations in 

Japanese Schoenoplectus (Cyperaceae). J. Jpn. Bot. 
75 : 223-225. 

-and-2000b. Prolification in Schoenoplectus 

hondoensis (Ohwi) Sojak (Cyperaceae). J. Jpn. Bot. 
75 : 376-377 (in Japanese). 

Kohno K., Iokawa Y. and Daigobo S. A new variety 
and a new combination of Schoenoplectus 
mucronatus (L.) Palla (Cyperaceae) from Japan. J. 
Jpn. Bot. 76 : 227-230. 

Koyama T. 1958. Taxonomic study of the genus 
Scirpus Linne. Joum. Fac. Sci. Univ. Tokyo, III, 7 
(6): 271-366. 

-, Kouh C.-S. and Leong W.-C. 2000. Cyperaceae. 

In: Huang T.-C. & al. (eds.), Flora of Taiwan, 2nd 


ed. 5: 191-317. 

Palla E. 1888a. Im botanischen discussionsabenbende 
am 16. marz sprach herr Dr. Ed. Palla iiber die 
gattung Scirpus. Verh. K. K. Yool.-Bot. Gez. Wein 
38: 49. 

- 1888b. Zur kenntnis der gattung Scirpus. Bot. 

Jahrb. 10 : 293-301, t. 11. 

Sato C. and Imae S. 1990. On the flora of the 
hygrophyte community in the somma of Mt. Aso 
and its neighboring regions. Mem. Fac. Gen. Educ. 
Kumamoto Univ., Nat. Sci. 25 : 177-206 (in 
Japanese). 

, Maeda T. and Uchino A. 2003. A new species of 
Schoenoplectus sect. Actaeogeton (Cyperaceae). J. 
Jpn. Bot. 79 : 00-00. 

Simpson D. A. and Koyama T. 1998. Cyperaceae. In: 
Santisuk T. and Larsen K. (eds.). Flora of Thailand 
6 (4): 247-485. 

Smith S. G. and Hayasaka E. 2001. Delineation of 
Schoenoplectus sect Malacogeton (Cyperaceae), 
new combination, and distinctions of species. J. 
Jpn. Bot. 76: 339-343. 

and- 2002. New combinations within North 

American Schoenoplectus smithii and S. 
purshianus (sect. Actaeogeton, Cyperaceae) and 
Comparison with Eastern Asian allies. Novon 12 : 
106-111. 

Strong M. T. 1994. Taxonomy of Scirpus, Tricopho- 
rum, and Schoenoplectus (Cyperaceae) in Virginia. 
Bartonia 58: 29-68. 


If t> > 15 U 4 £ (DM%£55M 

5"<1l 'y if ]/ 4 Schoenoplectus gemmifer li, 

3 h , 

fit) itZ iSllc tit L. J- il y if L 4 S. mucronatus var. 
mucronatus Jo X. If il 'y ii ]y 4 S. triangulatus fob 
ESU $ tl tzffi&X tb (Sato et al. 2003). Lfol, 

•UrT, 

£ o 

x, 3 mn(D£ 9 tz. 

X4iii'ylfU4fo5&(D2Mfobfttfbtitz. ^9 
^ii'yifV4\t, 

ft (PC2) iZjSl'XVfrifoV imfobfrtfbtlfz. 
PC2 

mmmom, mmt * £ o 

tz. Ltzfo^X, £flb<D 3 l&Mtt s'5"<1l > 
if U 4 h££ tffrfoo tz. 


3 X. b 

1 . m&w, . 

. 9 ^ ii y if V 4 0) 

1 . &&&, wmm 2 

2. 2 $,6-7ffc 

. s* 9 ^ ii y if U 4 (ih7j® 

2. 3 

.3 

3. MO.9-1.7 mm, 2.2-3.8 mm, 

MUtW^0.75-l.40 

. £ 4 il 'y if 1/4 

3. 15111.7-3.8 mm, 3.5-6.0 mm, 

0.88-1.94. 

... ii y if v 4 


g mwwm 












